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Abstract - To date in organic viticulture grapevine downy mildew is controlled mainly by treatments with copper. Under favourable conditions the disease spreads rapidly and causes severe losses of yield and quality. To develop a strategy for the biological control of grapevine downy mildew, the infection cycle of the pathogen has been investigated in detail. On the basis of the biological data, a model for the specific control of grapevine has been developed. This model indicates the most suitable stages of the infection cycle for the precise control of the disease​[1]​.

Introduction
Grapevine downy mildew, caused by Plasmopara viticola, is the most destructive disease in viticulture. The pathogen is very well adapted to its host plant. Therefore it is very difficult to develop methods for the biological control which meet the requests of organic viticulture. One of the possibilities for a biological control of grapevine downy mildew is the usage of the natural resistance potential of the European cultivars of Vitis vinifera, more exactly the induced resistance. Another way is the use of specific inhibitors which either stop the infection process or have an effect on the interaction of the pathogen with the host plant. The basic prerequisite to develop methods and strategies for the biological control of grapevine downy mildew is a comprehensive knowledge about the biology of P. viticola, especially so with respect to the interaction between pathogen and host.

P. viticola is indigenous in the south-eastern part of North America with a damp warm climate where it can be found on different endemic Vitis species. Due to the coevolution of the pathogen and the host a balanced relationship exists between the pathogen’s virulence and the host’s resistance. In contrast the European Vitis vinifera cultivars are highly susceptible for P. viticola because they have got in contact with the pathogen only 120 years ago and no adaptation has been developed in this short period of time. The colonization of the susceptible tissue of the European grapevine cultivars by P. viticola is very fast and the reproduction potential is high.

Material and Methods
Potted plants of Vitis vinifera L. cv. Müller-Thurgau were cultivated in a greenhouse. The third to sixth unfolded leaves, counted from the apex, were inoculated by spraying the abaxial surface of the leaf with a suspension containing 2 x 105 sporangia ml-1 . The inoculated plants were incubated in a growth chamber under long-day conditions (white light 300 µmol m-2 s-1 16 h, darkness 8 h) at 25 °C and >95% RH. 
For microscopical analysis, leaves were harvested at distinct intervals from 6 to 96 h post inoculation (hpi), and the infection spots were excised. For fluorescence microscopy, the samples were stained with 0.05% aniline blue in 0.067 M K2HPO4 (pH 9). Examination was performed with a Zeiss Axiophot equipped with an epifluorescence facility. The imaging analysis was performed with a Zeiss AxioCam digital camera and the Zeiss AxioVision software.
For low temperature scanning electron microscopy, pieces from fresh plant material were cut and mounted on a specimen holder. After cryofixation in liquid nitrogen, samples were transferred under a nitrogen atmosphere into a Balzers cryopreparation unit SCU 020 attached to a JEOL JSM 6300 scanning electron microscope (SEM). The specimens were sputter-coated with gold (20 nm) in an argon atmosphere and transferred into the SEM under high-vacuum conditions. The samples were observed at a stage temperature of -165ºC, using a acceleration voltage between 5 and 25 kV.




The infection process starts with the attachment of the sporangia to the surface of the grapevine. In contact with water motile zoospores were released from the sporangia (Riemann, et al. 2002; Kiefer et al. 2002). At the stomata the zoospores accumulate specifically. The encysted spores form an infection peg which penetrates the host (Fig. 1). Within the host tissue a substomatal vesicle is formed of which then a hypha grows out. The hypha grows and parasites the host cells by the formation of haustoria. After the formation of the first haustorium the hypha branches and forms a mycelium which colonises the host tissue. The first symptoms of the disease are macroscopically visible at the end of the incubation period when the host tissue is completely filled up with the pathogen’s mycelium. Towards the end of the latency period, P. viticola forms a secondary substomatal vesicle from which sporangiophores with sporangia emerge during the night (Fig. 2) and favourable humidity conditions (Rumbolz, et al. 2002).




















Figure 2. Emerging sporangiophores from a stoma.

The characterization of the resistance response after infection revealed that the susceptible European cultivars are able to express defence reaction such as cell wall reinforcement, biosynthesis of phytoalexines (e.g. resveratrole), expression of pathogenesis related proteins (PRP) and hypersensitive reaction (HR). In the most cases these reactions are delayed and the pathogen can colonise the vine successfully. In a cell suspension culture and a leaf disc assay PRPs and HR can be elicited by chitosane and yeast extract. According to the experiments the treatment with the elicitors can activate the resistance response in the susceptible European grapevine varieties. These findings indicate, that induced resistance may be an approach to control P. viticola in organic viticulture.
Model for a precise control:
To control grapevine downy mildew in its susceptible stages, a computer based model has been developed which indicates the stages of the infection cycle. The basis of the model are the biological data of the infection cycle.
Therefore, weather data from a network in the vine growing region were collected in a database. A program with algorithms of the infection cycle of P. viticola calculates the conditions for infection and sporulation and the course of the incubation period. Additionally a temperature based growth model calculates a leaf size index. According to the model, the treatments were recommended before the end of the incubation period. With this model the optimal time for a precise control of grapevine downy mildew can be scheduled especially in organic viticulture. 

Conclusions
The stages of the infection cycle in which P. viticola is susceptible for control measurements are characterized.
Induced resistance may be an approach for the control of grapevine downy mildew in organic viticulture.
A model for the precise control in organic viticulture is available.
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